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Key messages 
◼ Poor agronomic practice and climate change 
threaten the sustainability of Malawi’s 
agricultural sector.  
◼ Research shows clear opportunities for climate-
smart agriculture (CSA) to improve productivity 
and resilience of Malawi’s farming systems, 
especially maize.  
◼ Future work needs to look at farming systems 
besides maize-based (i.e., livestock, poultry, 
fruit, groundnuts and cash crops) and additional 
outcomes including economic productivity, crop 
and household resilience and greenhouse gas 
(GHG) mitigation. 
Climate change and agriculture 
Agriculture drives Malawi’s economy. This sector ac-
counts for 30% of Gross Domestic Product (GDP), gener-
ates more than 80% of the national export earnings and 
employs 64% of the country's workforce. This productivity 
results in large part from the actions of smallholder farm-
ers, which generate 70% of the economic agricultural 
value in the country. Much of this productivity is from 
maize, which covers about 50% of the total cultivated 
land in Malawi and is grown by 97% of farmers. Other 
major food crops include cassava, rice, sorghum, sweet 
potato, beans, groundnuts and pigeon pea. 
Malawi’s agriculture sector relies on rainfall, making it 
particularly vulnerable to climate change. The country has 
recently experienced various weather-related events that 
have compromised the food security and livelihoods of 
millions of people. For example, about 40% of the popula-
tion was affected by the floods and droughts of 2015 and 
the drought of 2016. Weather issues may only become 
more variable, with higher likelihood of both dry spells, 
associated with droughts, and intense rainfall events, as-
sociated with floods (FCFA 2017). These trends warn of 
future challenges to access and availability of food for the 
country. 
 
The Malawian Government recognizes the challenges 
facing this important sector and has set clear policies for 
technological improvement in the Malawi Growth and De-
velopment Strategy III (2018), the National Agricultural 
Policy (2016), and the National Agricultural Investment 
Plan (2018). Additionally, the Malawi National Resilience 
Strategy is under development. These policies provide 
the framework for agricultural transformation and to cre-
ate a productive, resilient, and climate-smart (Figure 1) 
agricultural future in Malawi.  
Figure 1. Climate-smart agroforestry (Faidherbia albidia-maize 
intercropping) in Malawi. Photo: ICRAF. 
 
CSA aims to increase productivity, build resilience to and 
mitigate climate change in the agricultural sector. Dozens 
of improved agronomic and livestock management tech-
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nologies have the potential to reach these goals. The se-
lection of appropriate CSA options requires evidence of 
what works where and for whom in order to make the 
best possible and most informed choices. But what infor-
mation on CSA in Malawi is available? This brief answers 
that question. 
The evidence-base for CSA 
We searched for evidence of the ‘climate-smartness’ of 
agricultural technologies in Malawi in the peer-reviewed 
literature using a systematic review protocol (Rosenstock 
et al. 2015). This search targeted information on over 100 
potential CSA practices and more than 50 potential 
outcomes (e.g., yield, net economic returns, soil carbon, 
etc.) in Malawi. A study was included in the resulting 
database—Evidence for Resilient Agriculcture (ERA)—if it 
contained primary, quantitative data on both a 
conventional technology (a control) and a potential CSA 
technology and information on at least one outcome 
indicator relevant to the three goals of CSA: productivity, 
resilience, or mitigation. 
Through systematic search and assessment, we found 45 
peer reviewed studies on potential CSA practices in 
Malawi. These studies came from 66 sites which were 
well distributed across the country (Figure 2) and 
contributed 3,469 observations. Research effort was 
typically higher in more populous districts, but there was a 
bias towards Zomba as 39% of the data came from 
research stations in this area. Whilst just over half of the 
data came from research stations (56%), a large 
proportion of the data came from on-farm studies (44%).  
Figure 2. Location of studies on potential CSA practices in 
Malawi (black dots) plotted on a map of population (red) for 
each of the 28 districts. 
A balance between on-farm and on-station data is 
desirable because in-situ trials on farmers’ fields often 
provide a more realistic assessment of technology 
performance. This may be because there are fewer 
legacy effects of site management and because on-farm 
trials are more representative of how farmers actually 
implement technologies. Malawi’s land surface area falls 
within three major agro-ecological zones: semi-arid 
(50%), sub-humid (25%) and tropical highlands (25%). 
Our data were largely from semi-arid (47%) and sub-
humid sites (50%). Research from tropical highlands was 
lacking, accounting for only 3% of published information, 
suggesting those interested in performance in this area 
should look beyond the geopolitical boundaries to 
research performed in other countries in the same agro-
ecological zone. 
Our database contains data on 19 different agricultural 
products, ranging from maize to fish. However, not all of 
these products have been studied equally (Figure 3). 
Data on maize makes up the majority (77%) of available 
evidence. Other nutritionally important sources of protein, 
both animal-sourced products and legumes, make up less 
than 15% of the data. 
 
Figure 3. Representation of agricultural products analyzed in 
ERA for Malawi. Maize makes up the overwhelming majority of 
the dataset, while other nutritionally important products such as 
legumes including common bean, pigeon peas and cowpeas 
represent less than 10% of the data. 
Regarding technologies, the database contains 
information on 20 different potential CSA practices (e.g., 
alley cropping agroforestry) studied in Malawi. These 
practices combine variations in the specific 
implementation methods for a technology that farmers 
can take. For example, when calculating the effect of 
alley cropping we aggregate across all the different tree 
species used within and between studies. Use of 
inorganic fertilizers is the most heavily studied 
management measure comprising nearly 40% of the data 
while organic fertilizers such as manure only comprise 
1% (Figure 4). Diversification practices including alley 
cropping with trees, green manure rotations, and 
intercropping are also well represented in the dataset, as 
are soil water management technologies such as reduced 
tillage. Rarely are CSA practices implemented 
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individually; 72% of available data are from practices 
done in combination with others, such as conservation 
agriculture, which combines reduced tillage, soil cover, 
and crop diversification. 
 
Figure 4. Distribution of data in ERA for Malawi by 
practice/technology. Inorganic fertilizer, conservation agriculture 
sub-practices, agroforestry and improved varieties are most 
commonly studied. 
CSA is based on the idea that appropriate agricultural 
practices can deliver multiple benefits, particularly across 
the three goals of productivity, resilience, and mitigation. 
For Malawi, ERA contains data on 11 different outcomes 
of CSA with 31 different sub-indicators. However, the 
majority of the data comes from the productivity pillar: 
77% of the data is on a component of productivity, such 
as product yield or net returns, and nearly all of this data 
is on yield (Figure 5). Only 17% of the data is related to 
resilience indicators, such as soil health or input use 
efficiencies, while only 3% deals with mitigation outcomes 
such as GHG fluxes or soil carbon stocks.  
 
Figure 5. Distribution of data in ERA for Malawi across the three 
pillars of CSA, and their individual indicators. 
The majority (55%) of studies contain data on only one 
pillar, while 44% have measured outcomes in two pillars 
(typically productivity and resilience). No studies in our 
dataset addressed all three pillars of CSA. This is 
important because the impacts of changing technologies 
are site specific. Extrapolations about the performance 
across multiple objectives of practices are difficult to infer 
from studies that took place at different times and in 
different locations; co-located research is best suited to 
understand the ability of technology to produce win-win-
win outcomes. 
Climate-smartness of technologies 
With these data, we can query key questions about the 
performance of technologies in Malawi using meta-
analysis. Meta-analysis is a statistical way of combining 
the results found in different studies. This facilitates a 
robust and objective analysis that integrates across 
different environmental conditions due to locations and 
years. Full details of the statistical approaches we use 
can be found in Rosenstock et al. (2015), Lamanna et al. 
(2019), and Nowak et al. (2019). Here we discuss 
expected effects on productivity, resilience, and 
mitigation.  
Productivity 
Our data show that implementation of CSA technologies 
will usually increase productivity (Figure 6). This increase 
ranges from approximately 20% with combinations of 
practices that include intercropping to more than 200% 
with combinations of practices that include organic 
fertilizers. The average expected increase with CSA 
across all the observations in our dataset is 
approximately 39%. 
 
Figure 6. Relative effects of technologies (aggregated across 
solo use or in combination with other practices) on productivity 
(green) and resilience (orange). Figures next to bars indicate 
the number of observations contributing to each effect 
calculation. 
Crop and livestock management practices have different 
capacity to increase the productivity and improve the 
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resilience of farming systems in Malawi. This depends on 
the technology being used and whether or not the 
technology is being used alone or in combination with 
other technologies (e.g., Figure 7).  
Increasing yields is only one measure of 
productivity/technology performance. With these data, we 
also analyzed the downside risks of adoption. That is, 
what is the likelihood a farmer might expect yields lower 
than the conventional practice. Quantifcation of risks were 
based on distribution of expected outcomes from the 
research studies (see Nowak et al. 2019).  
We broadly found very little risk of lower yields with CSA 
(Figure 7). Across most combinations of practices, it is 
expected that yields would be greater than when using 
conventional practices across the range of experimental 
conditions. Indeed, only the combinations of practices 
involving mulch and intercropping may depress yields. 
Figure 7. Risk analysis of multi-annual CSA datasets by lower 
confidence limit. Values less than 0 indicate the CSA practice 
has a greater than 50% chance of yielding more than the mean 
control yield over the time-series (lower risk). Values more than 
0 indicate the practice has a greater than 50% chance of 
yielding less than the control over the time-series (higher risk). 
Resilience 
Using proxies of resilience such as soil carbon or 
resource use efficiency, the data indicate resilience 
benefits of switching to CSA. Reduced tillage, alley 
cropping and agroforestry practices gave the biggest 
boosts to resilience outcomes (around 80%), whereas the 
greatest productivity benefits (around 100-200%) were 
found when using fertilizers in combination with other 
technologies such as improved crop varieties, crop 
residue mulching and alley cropping (Figure 6). 
Where studies collected data over several years we were 
able to calculate yield stability as another facet of 
resilience to climate stress. Yield stability quantifies the 
variability of yields year to year and is a direct measure of 
performance and resilience of a technology under 
different environmental conditions. We find inorganic 
fertilizer, alley cropping and agroforestry significantly and 
substantially enhance yield stability (Figure 8), with the 
greatest stability seen when they are practiced in 
combination with one another. Conservation agriculture 
(CA) practices (mulch, intercropping and reduced tillage) 
when considered alone did not enhance stability, but 
when analyzed in combination with each other and 
inorganic fertilizer, significant improvements in yield 
stability were observed (combined data not shown). 
Figure 8. Effect of CSA technologies (aggregated across solo 
use or in combination with other practices) on yield stability 
(lnCVR). Lower values indicate greater yield stability. 
When switching to CSA practices, there is potential for 
trade-offs between productivity and resilience. We found 
that in some cases a technology that improves production 
may have a relatively small impact on resilience (e.g., 
inorganic fertilizer use) or even cause a decrease in 
resilience (e.g., when switching to non-adapted feeds). 
This suggests practices that score very highly for 
productivity may not be particularly resilient (e.g. 
inorganic fertilizer) and practices that are resilient may not 
be highly productive (e.g. reduced tillage or mulching). 
However, combining these practices can mitigate trade-
offs, creating productive and resilient systems. For 
example, fertilizer combined with agroforestry or CA 
enhances both resilience and productivity outcomes 
compared to these techonologies applied alone. 
Mitigation 
There is very little information on the benefits of CSA for 
mitigating climate change in Malawi. While some data 
exist on changes in soil organic carbon, these data tend 
to be limited in a number of sites and duration which 
compromise the ability to generalize. This is not to say 
that the production systems of Malawi cannot contribute 
to mitigating climate change as increase in tree cover 
builds above-ground carbon stocks,  while diversification 
and use of mulch often help maintain, if not build, soil 
organic carbon stocks. There is the chance however that 
future development will include increased use of nitrogen-
based materials which lead to climate-forcing emissions, 
but which need to be considered in the context of 
increasing productivity and maintaining soil resources. 
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Gap analysis of CSA research in Malawi 
To explore how high quality peer-reviewed published data 
on CSA from Malawi reflects national commodity 
production systems, we compared the data in ERA to the 
National Census of Agriculture and Livestock 2006/07. In 
the following paragraph, numbers in parentheses 
represent the % of data in ERA that relates to a 
technology or product vs. the % of plots in Malawi that 
use or produce it. 
Major staples for Malawi such as maize (77% vs 63%) 
and cassava (9% vs 8%) were well represented in the 
data, lesser staples such as sorghum (0% vs 3%), sweet 
potatoes (0% vs 5%) and rice (1.7% vs 3%) were either 
absent or rare in published research. For legumes, 
pigeon peas (7.6% vs 9%) and beans (2.5% vs 5%) were 
represented, with other legumes poorly studied, 
especially groundnuts (0.4% vs 12%) and soybean (0% 
vs 3%).  
While data on staples seems to be relatively well 
represented in the available data, data for other products 
that contribute significantly to food and nutrition security 
may not be. Fruit trees, for example, are present on 78% 
of Malawian farms, with mango, banana, paw paw, guava 
and avocado being the most common species, yet there 
were no published data on CSA and fruit trees from 
Malawi. Similarly, there was no research on cash crops 
including coffee, sugarcane, sunflower, tea and tobacco, 
and a single study on cotton. Livestock and poultry 
ownership is an important agricultural livelihood 
diversification strategy with benefits to household 
nutrition, food security, income and resilience. Census 
data indicate half of Malawian farmers have chickens, a 
quarter have goats, 9% have pigs and 6% have cattle, yet 
we detected no CSA studies from Malawi for these 
animals. However there were some data on fish. 
Whether these gaps represent a true lack of data or are 
an artefact of our search criteria is worth considering. 
There may be data in grey literature or research reports. 
Our work from other locations (see Lamanna et al. 2015 
for Tanzania) suggests that the relative quality and 
quantity of data found in such sources is limited. Work in 
Malawi may be done to include in future analyses. It 
should also be noted that data gaps in Malawi do not 
necessarily mean that no data are available. Farmers in 
other countries in the region operate under similar 
environmental conditions. Robust ways to extrapolate 
information from other areas such as ecological niche 
analysis are available and can be used to fill gaps.  
Conclusions and policy implications 
Agricultural transformation is critical to the future of food 
security in Malawi under the uncertainties of a changing 
climate. This brief provides a starting point for 
understanding the evidence base for CSA in Malawi. 
These results can be used to help inform the selection of 
priority practices to promote, as well as ones to finally 
move past. Importantly, these data also provide a clear 
systematic understanding of where there are already a lot 
of existing data and hence can serve to direct future 
research and development agendas that can address the 
needs of the people. Lastly, the brief here is Malawi-
centric. It only reports on data from studies conducted 
within the country. However, the data are part of a pan-
Africa initiative on establishing the evidence base for CSA 
technologies. More evidence is available and can be 
brought to bear on the policy and programmatic 
discussions in the country through the ERA website. 
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